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Background of the Invention 

The present invention relates to an apparatus for performing exercise and a method for 
using such apparatus and in particular to an apparatus which closely simulates many natural 
forms of exercise such as cross-country skiing, walking, running, biking, climbing and the like. 
The present invention further relates to an apparatus for replicating the reciprocating nature of 
motion during exercise, and more particularly to an apparatus for exercise, rehabilitation, 
amusement, and/or simulation of human-powered motion. 

Many forms of natural exercise (i.e., exercise performed without the use of a stationary 
exercise machine) provide numerous benefits to an exerciser. In a number of types of natural 
exercise, a bilateral motion is performed of such a nature that in addition to the work done by a 
muscle group on one side of the body used, e.g., to attain forward motion in a motive type of 
exercise, there is simultaneously some amount of resistance to the muscle groups on the other 
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side of the body, typically opposing types of muscle groups, so that both extension and flexion 
muscle groups are exercised. In a typical bilateral exercise such as cross-country skiing, the 
exerciser utilizes gluteus maximus and hamstring muscles in the backward stroke and, 
simultaneously, on the opposite side, quadriceps and hip flexor muscles in the forward stroke. 

Although various attempts have been made to simulate cross-country ski exercise or 
other bilateral exercise on a stationary exercise machine, these attempts have not been fully 
successful in reproducing the experience with sufficient accuracy to provide many of the health 
benefits of natural exercise. For example, in some ski-type exercise devices, while the trailing 
limb encounters resistance, the opposite limb encounters virtually no resistance (typically only 
resistance from fiction of moving machine parts). As a result, many such previous devices 
include a feature intended to counteract the force of the backward thrusting limb, such as an 
abdomen pad which receives the forward thrust of the exerciser's body as the exerciser pushes 
backward against resistance with each leg in an alternating fashion. This abdominal pad keeps 
the user in a stationary fore/aft position. It is believed that in such (stationary) machines, 
pushing against the abdominal pad can lead to lower back stress and fatigue and detracts from 
an accurate simulation of the natural cross-country ski exercise. It is further believed that the 
lack of forward resistance and the associated lack of balance in such devices lead to a long 
learning curve such that, to successfully use the machine, a user must develop a new technique 
for walking or skiing which is very different from that found in nature. 

Another feature of many natural bilateral exercises such as skiing, walking, running, 
jogging, bicycle riding, etc., is that while the exerciser may on average move forward at a 
constant velocity, the exerciser momentarily accelerates and decelerates as he begins and ends 
each stroke. As a result, in many natural bilateral exercises, although the exerciser maintains a 
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constant average speed, in fact if one were to travel alongside the exerciser at such constant 
speed, the exerciser would appear to be oscillating forward and backward with respect to the 
observer. This constant change in velocity is natural to most forms of human propulsion by 
virtue of an alternating stride while walking, running, bicycling, etc. 

Again, it is believed that many stationary exercise devices fail to reproduce this feature 
of the natural exercise with sufficient accuracy to provide an enjoyable exercise experience and 
to provide all the benefits available with natural exercise, such as a more natural and less 
stressful distribution of force on the joints and development of good balance. For example, with 
the above-described ski exercise machine, the exerciser is typically pushing against the 
abdominal pad during substantially most or all of the exercise, thus causing the exerciser to stay 
in substantially the same position rather than accelerate and decelerate in an oscillating manner 
as in natural skiing. 

A number of forms of natural exercise provide benefits to the upper body as well as the 
lower body of the exerciser. For example, in cross-country skiing, the exerciser typically pushes 
using poles. A number of features of the upper body exercise in natural exercise settings are of 
interest in the context of the present invention. For example, during cross-country skiing, the 
arm and leg motions are related such that if a skier wishes to maintain constant average speed, 
exerting greater upper body effort ("poling" with the arms) results in less effort being exerted by 
the legs, and vice versa. Further, in cross-country skiing, although the arm and leg energy 
exertions are related, the left and right upper body exertions are independent in the sense that 
the user does not need to pole in an alternating fashion, much less a fashion which is 
necessarily synchronized with the leg motions. A cross-country skier may "double pole", i.e., 
pushing with both poles at the same time, or may, if desired, push with only a single pole or no 
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poles for a period of time. Another feature of cross-country skiing is that while the skier is 
moving, when a pole is plunged into the snow, the pole engages a resistance medium which 
relative to the skier is already in motion, thus providing what may be termed "kinetic resistance". 

Many types of previous exercise devices have failed to provide a completely satisfactory 
simulation of natural upper body exercise. For example, many previous ski devices provided 
only for dependent arm motion, i.e., such that the arms were essentially grasping opposite ends 
of the rope wound around a spindle. In such devices, as the left arm moved backward, the right 
arm was required to simultaneously move forward substantially the same amount. Thus it was 
impossible to accurately simulate double poling or poling with a single arm. Many previous 
devices provided upper body resistance that was entirely unrelated to lower body resistance. In 
such devices, if an exerciser was expending a given level of effort, by exerting greater upper 
body efforts, the user was not, thereby, permitted to correspondingly decrease lower body 
exercises while maintaining the same overall level of effort. Many previous devices having 
upper body resistance mechanisms provided what may be termed "static resistance" such that 
when the arm motion began, such as by thrusting or pushing, or pulling backward with one arm, 
the resistance device was being started up from a stopped position, typically making it 
necessary to overcome a coefficient of static friction and detracting from the type of kinetic or 
dynamic resistance experienced in the natural cross-country ski exercise. 

Many types of exercise devices establish a speed or otherwise establish a level of user 
effort in such a fashion that the user must manually make an adjustment or operate a control in 
order to change the level of effort. Even when an exercise device has a microprocessor or 
other apparatus for automatically changing levels of effort, these changes are pre-programmed 
and the user cannot change the level of effort to a level different from the pre-programmed 
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scheme without manually making an adjustment or providing an input to control during the 
exercise. For example, often a treadmill-style exercise machine is configured to operate at a 
predetermined level or series of pre-programmed levels, such that when the user wishes to 
depart from his or her predetermined level or series of levels, the user must make an 
adjustment or provide other input. In contrast, during natural exercise such as biking, the user 
may speed up, slow down, change gears, or rest at will. 

Additionally, current human motion simulating machines such as exercise bikes, skiers, 
rowers, etc. have one very important aspect in common; they are considered stationary 
machines. In other words, the platform on which the user sits or stands is fixed in location. As 
discussed below, this stationary aspect prevents these devices from realistically exhibiting the 
sensation of natural motion. 

When a person propels a bicycle, cross country skis, row boat, etc., there are subtle fore 
and aft motions encountered by both the person and the vehicle. Although the amplitude and 
duration of these motions are somewhat specific to a particular vehicle, they are all tied directly 
to the force output generated by the person propelling the vehicle. For example, when a person 
rides a bicycle, these subtle motions occur as a result of his pedaling, and the reciprocating 
action of the user's legs is what ultimately motivates the bicycle in a forward direction. When 
closely examining the physics behind the forward motion of a bicycle it becomes apparent that 
the bicycle and user are in a continual state of acceleration and deceleration while the user 
pedals. This is due to the fact that when the user exerts a force on one of the pedals, the 
bicycle and user accelerate until that pedal begins to approach the bottom of its stroke, at which 
point the bicycle and user begin to decelerate. As the opposite pedal reaches the top of its 
stroke, this cycle begins again. As a result, the cyclist is in a constant state of acceleration and 
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deceleration. This oscillating motion can be easily witnessed by driving in a car at a constant 
speed along side a cyclist. From the perspective of an occupant of the car looking out a side 
window, the rider will appear to move fore and aft in a manner directly related to his pedaling 
cadence. This fore and aft movement will generally be between a range of one-half of an inch 
on level or downhill terrain to several inches on an uphill grade. 

When a rider encounters a hill, he generally changes the gear ratio of his bike by 
"changing gears" such that a lower ratio is used. The rider can therefore maintain the same 
cadence and force output as he would on level ground resulting in a slower speed up hill. For 
example, it is the goal of a profession cyclist to maintain a relatively steady cadence, normally 
80-100 strokes per minute. This is the case whether riding on level terrain, up hill or down hill. 
The use of a gearing system ensures that a constant cadence is maintained, even though the 
speed of the bicycle may vary drastically. 

The use of a gearing system also affects the motion of the vehicle being ridden. For 
example, the fore and aft oscillation of a bicycle is much greater in low gear vs. high gear due to 
the increased torque applied to the drive wheel. As a result, in low gear there is much less 
stress on the leg joints and muscles. This is particularly important in physical therapy and 
rehabilitation. For example, a person recovering from reconstructive knee surgery may be 
advised by a physician to exercise the knee with very low exertion. In this case, it would be 
advantageous for the person to exercise on a bicycle in a low gear ratio to reduce stress on the 
recovering knee. 

An important aspect of natural human motion is the concept of rest. For example, during 
the deceleration phase of the oscillation described above, the muscles experience a short 
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period of rest. This rest period increases as the period of oscillation increases. When a rider 
pushes a pedal once every few seconds, the bicycle coasts during the rest periods. 

Current exercise bicycles generally include a user seat on a frame with a set of pedals 
which spin a flywheel. The flywheel is magnetically or otherwise braked to give resistance to 
the user's legs. These machines generally simulate hill climbing by simply adding greater 
resistance to the flywheel which requires either a greater force output or slower pedaling 
cadence by the user and adds increased pressure to the legs and joints. The stationary nature 
of these machines precludes the user from experiencing the fore and aft motion encountered 
while using a real bicycle. Instead, although the user's body strains to oscillate forward and 
backward, the stationary aspect of the machine keeps him fixed in one place. This causes a 
jerky sensation which translates into an uncomfortable and non-motivating activity, as well as 
the potentially dangerous wear and tear on the user's joints and muscles. 

The solid line in the chart of Figure 13 depicts the force exerted by a user's foot on the 
pedal of an actual bicycle during a pedal stroke. From this chart, it becomes apparent that the 
forward acceleration of the bicycle and rider reduces the initial force exerted against the pedal 
when the knee is bent the most. This greatly reduces the stress to knee and leg muscles when 
compared to a stationary bike which requires the user's full force from the very beginning of the 
stroke. See the dashed line of Figure 13. 

Similar principles apply to the activity of natural rowing when compared to the use of a 
stationary rowing exercise machine. When rowing a boat with a sliding seat, the user straps his 
feet to a stationary part of the boat and sits on a seat facing rearward which can slide fore and 
aft. At the beginning of the stroke, the user bends his knees so as to bring his body toward the 
rear of the boat. He then extends his arms fully and engages the oar blades into the water. 
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Next he straightens his legs and pulls the oars toward his torso. At the end of each stroke, the 
user pulls the oar blades out of the water and returns to the beginning of his stroke to start the 
sequence again. 

As with the bicycle, a person following alongside a rower at a steady speed will observe 
the boat and user oscillating fore and aft with each stroke. As the user engages the oar blades 
and begins his stroke (the power stroke), the boat and user accelerate forward. When the user 
reaches the end of his stroke and returns (return stroke) to the starting position, the boat and 
user decelerate. Relative to the observer, this oscillation will be considerably greater than that of 
a bicycle, and, depending on the amount of time the user takes on his return stroke, may 
exceed one foot. 

Most rowing exercise machines confine a user to a fixed location, i.e. the user's feet are 
strapped to a stationary pad. These designs don't allow for any fore and aft movement of the 
user's body other than the sliding of the seat. This results in a jerking sensation at the 
beginning and end of each stroke. These rowing machines can cause strain on the back and 
legs and over-compression of the knees. See Figure 13. 

These stationary exercise bike and rower examples demonstrate the need for a more 
realistic exercise machine capable of accurately replicating the forces of nature as they apply to 
human powered locomotion devices. The present invention overcomes the above-mentioned 
obstacles and can be applied to any type of exercise device which uses the reciprocating nature 
of human motion such as a bike machine, a rowing machine, a cross-country ski machine and 
any other reciprocating motion apparatus and the like. The present invention can be likened to 
a human propelled differential motion machine, much like the differential on an automobile. In 
particular, a dynamic element moves in one direction (input 1), the user mounts a carriage and 
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motivates a drive wheel (or the like) in the opposite direction (input 2), and the user and carriage 
move based on the difference between the two inputs, or the differential. 

Accordingly, it would be useful to provide an exercise device and method which provides 
a more natural exercise feel, more closely simulates a variety of different natural exercises such 
as skiing, walking, running, bicycling, etc., exercises both extension and flexion muscle groups, 
provides for automatic and/or hands-free adjustment in a reaction to the level of user effort, and 
in general provides for safe, effective and enjoyable exercise experiences on a psuedo 
stationary exercise device. 

It is a general objective of the present invention to provide a new differential motion 

apparatus. 

It is another general object of the present invention to provide a new and improved 
exercise apparatus. 

It is a more specific object of the present invention to provide an apparatus which 
exhibits the reciprocating nature of human motion. 

It is another more specific object of the present invention to provide an improved human 
motion apparatus which greatly reduces the stress on joints and muscles. 

Yet another object of the present invention is to provide a human motion device which 
can simulate uphill and downhill propulsion. 

Another object of the present invention is to provide a machine capable of simulating 
human motion and which can coast during periods of user rest. 

These and other objects, features and advantages of the present invention will be clearly 
understood through a consideration of the following detailed description. 
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Summary of the Invention 

A human motion device has a carriage adapted for user engagement as well as 
reciprocating movement. The device further has a dynamic element capable of movement in a 
direction and a way to provide a force against the carriage such that the carriage is urged in the 
same direction. A way to engage the dynamic element enables the user to propel the carriage 
in the opposite direction. 

Brief Description of the Drawings 

The features of the present invention, which are believed to be novel, are set forth with 
particularity in the appended claims. The invention, together with the further objects and 
advantages thereof, may best be understood by reference to the following description taken in 
conjunction with the accompanying drawings, in the several figures of which like reference 
numerals identify like elements, and in which: 

FIG. 1 depicts a side view of an apparatus according to one embodiment of the present 

invention; 

FIG. 2 is a top plan view (partial) of the apparatus of FIG. 1 ; 

FIG. 3 is a top plan view similar to the view of FIG. 2 but showing a first alternate speed 
control mechanism; 

FIG. 4 is a top plan view similar to the view of FIG. 2 but showing a second alternate 

speed control mechanism; 

FIG. 5 is a side elevational view of an exercise apparatus according to an embodiment 

of the present invention; 
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FIG. 5A is a side elevational view of the device of FIG. 5, but showing the device 
configured for increased inclination and with the arm rails extended; 

FIG. 6 is a partial exploded perspective view of a footcar and conveyor belt according to 
an embodiment of the present invention; 

FIG. 7 is a top plan view, with upright frame elements removed, of an exercise device 
according to an embodiment of the present invention; 

FIG. 8 is a rear elevational view of an exercise device according to an embodiment of 

the present invention; 

FIG. 9 is a perspective view of an exercise device according to an embodiment of the 
present invention; 

FIG. 10 is a flowchart depicting a procedure for speed control of an exercise device 
according to an embodiment of the present invention; and 

FIGS. 11 and 12 are side and partial top views illustrating an exercise device according 
to an embodiment of the present invention. 

FIG. 13 is a chart depicting the force exerted by a user's foot on a bicycle pedal over 

time. 

FIG. 14 is a side elevational view, partially in cross-section, of a preferred embodiment 
of a bike machine constructed in accordance with the principles of the present invention with its 

transmission on the carriage. 

FIG. 15 is a side elevational view, partially in cross-section, of a preferred embodiment 
of a bike machine constructed in accordance with the principles of the present invention with its 
transmission on the support. 
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FIG. 16 is a side elevational view, partially in cross-section, of an alternate preferred 
embodiment of a bike machine constructed in accordance with the principles of the present 
invention with its transmission on the support. 

FIG. 17 is a side elevational view, partially in cross-section, of an alternate preferred 
embodiment of a bike machine constructed in accordance with the principles of the present 
invention with its motor and drive train in the carriage. 

FIG. 18 is a side elevational view, partially in cross-section, of a preferred embodiment 
of a rowing machine constructed in accordance with the principles of the present invention. 

FIG. 19 is a side elevational view of the one-way clutch mechanism of FIG. 18. 

FIG. 20 is a side elevational view, partially in cross-section, of an alternate preferred 
embodiment of a carriage path of a bike machine constructed in accordance with the principles 
of the present invention. 

FIG. 21 is a front embodiment view of the variable dynamic friction element of Figures 15 

and 16. 

FIG. 22 is a side elevational view of a weight dependent friction method for use with the 
preferred embodiments of Figs. 14, 15 and 17. 
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Description of the Preferred Embodiments 

As seen in FIG. 1, according to one embodiment, an exercise device includes a lower 
frame member, 23 supported by front and rear frame supports 12, 24. The frame members, 
support members and the like can be made of a number of materials, including metal, such as 
steel or aluminum, plastic, fiberglass, wood, reinforced and/or composite materials, ceramics 
and the like. Preferably the frame supports 12, 24 are coupled to the lower frame such that the 
lower frame can be inclined 142 at various angles. For example, the incline of the machine can 
be adjusted by providing front supports 12 with various adjustment mechanisms such as a rack- 
and-pinion adjustment, hole-and-pin adjustment, ratchet adjustment, and the like. The machine 
can be operated at an inclination 142 within any of a range of angles, such as between about 
2 degrees and 45 degrees (or more) to the horizontal 143. Preferably, in the embodiment of 
FIG.1, at least some upward inclination 142 is provided during use, e.g., sufficient to overcome 
internal friction of the device so as to position the user towards the rearmost position 1 36, while 
the user is not exercising. 

Coupled to the frame on the left side thereof are front and rear idler wheels 9, 25, 
supporting a simulated ski 22 bearing a ski-type foot support 21, preferably having both toe and 
heel cups to permit the user to slide the simulated ski both in a forward direction and in a 
rearward direction against resistance, as described more fully below. The ski 22 can be made 
of a number of materials, including wood, fiberglass, metal, ceramic, resin, reinforced or 
composite materials. Preferably the ski 22 can be translated in a forward 112 or rear 114 
direction while supported by idler wheels 9, 25. If desired, additional idler wheels can be 
provided and/or additional supports such as a low-friction support plate or rail, or a belt, cable, 
chain, or other device running between idler wheels 9, 25 can be used. 
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,n the depicted embodiment the ski 22 is coup.ed to a roller 116 such that transition of 

fashions. For exampie, the roller's exterior cy.indricai surface 124 and the bottom surface 126 

surfaces of the ski 22 and the ro.ier 1 1 6 to drive the roi.er in a rack-and-pinion-like fashion. Sk, 

single (.eft) set of idler rollers 9. 25, driven roller 116 and ski 22 are depicted, a substantially 
ioentica. set (not shown in FIG. 1) will be coupled on the opposite (right) side of the lower frame 

23 some of which are shown in FIG. 2. 

in the depicted embodiment, resistance to rearward movement 1 14 of the ski 22 is 

brak ed as described more fully below. As depicted in FIG. 2, in one embodiment the driven 
ra „ers 116a, 116b are the exterior surfaces of one-way dutches 20a, 20b configured such that 

rotational direction 122, the corresponding one-way dutch 20a disengages so that the dutch 
overrides the driveshaft 31 and is essentially disengaged therefrom. The driveshaft 31 ,s 

embodiment, a clutch of the type used in a NordicTrack™ exercise device (for a different 
purpose) is used. As seen in FIG. 2. each ski 22a, 22b, is coupled to the same type of one-way 
clutch 20a, 20b. for se,ective,y driving the driveshaft 31. Accordingly, the driveshaft 31 w,.l be 
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driven in a first rotational direction 122 whenever either the left ski 22b or the right ski 22a drives 
the left driven ro.ler 1 16a or the driven roller 1 16b in the rearward rotational direction 122. 

in the depicted embodiment, the driveshaft 31 is coupled to a second shaft 35 via V-belt 
18. running around sheaves 19, 16. Second shaft 35 is directly coupled to the flywheel 17. 
Thus, driving the driveshaft 31 results in rotation of the flywheel 17. 

Because the flywheel, by virtue of its mass and effective radius (diameter) requires a 
substantia, amount of energy to rotate, the flywheel creates a certain amount of resistance to 
rotation of the driven rollers and thus, the translation of skis 22a. 22b. Looked at in another 
way and without wishing to be bound by any theory, it is believed the flywheel 17 resists the 
energy generated by the user in moving the skis rearwardly, causing the user's body to thrust 
forward. In the depicted embodiment, the speed of rotation of the flywheel can be controlled 
using mechanisms described more thoroughly below. 

Preferably, resistance is also provided to rotation of the driven roller 116a, 116b in the 
opposite (forward) direction 118. Such resistance can be usefu. in more accurately simulating 
natural exercise, such as a resistance to forward-sliding of cross-country skis through snow. In 
the depicted embodiment, brake pads 29a, 29b are urged against the inner faces of the one- 
way dutches 20a, 20b, e.g., by brake springs 30a, 30b. Preferably the brake pad 29 is coupled 
,o the driveshaft 31 so as to rotate therewith. Accordingly, when a ski 22 is moved in the 
rearward direction 114 and the corresponding one-way dutch 20a is engaged with driveshaft 
31 the brake pad 29a rotates with the inner face 132a of the one-way dutch 20a so that 

However, when the ski 22a is moved in the foavard direction 112 so that the driven ro.ler 116a 
is rotated in the forward rotationa. direction 1 18 and the one-way dutch is disengaged, the rol.er 
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116a and brake pad 29 are rotating in opposite directions 118, 122 respectively so that friction 
braking of the driven roller 1 16a occurs, providing frictional resistance to forward motion of the 
ski 22a. 

In the depicted embodiment, a screw adjustment 27 is provided for adjusting the amount 
of friction (i.e., the pressure) of the brake pads 29a, 29b against the inner faces 132a, 132b of 
the rollers 116a, 116b. In the depicted embodiment, threaded adjust screws 27 are secured 
through the lower frame members 23 such that they press against the bearings 28. As the 
screws 27 are tightened, they force the bearings 28 to press against the clutches 20 which in 
turn press against the brake pads 29 and compress the springs 30 thereby increasing the 

intensity of the one-way friction. 

Returning to FIG.1, vertical frame member 7 and upper frame member 3 are preferably 
provided, extending upward and angularly outward with respect to the lower frame member 23. 
These frame members 7, 3 position upper arm exercise pulley 2a, 2b at a desired height such 
that the hand grips 1a, 1b can be grasped by a user for resisted pulling (as described below) to 
define a line of resistance (from the pulleys 2a, 2b to the user's hands) at a natural and 
comfortable height. The pulley 2a may be positioned, e.g., approximately at the shoulder height 
of the user. In one embodiment, the height of the pulley 2a may be adjusted, e.g., by pivoting 
144 the upper arm 3. In the depicted embodiment, the hand grip 1a, 1b are coupled to arm 
exercise lines 4a, 4b running over the upper arm exercise pulleys 2a, 2b. a second arm exercise 
pulley 5, a third arm exercise pulley 11. such that the opposite ends of the lines engage arm 
exercise one-way clutch drums 15a, 15b. As shown in FIG. 2, preferably each line 4a, 4b is 
wound, e.g., in helical fashion around the corresponding drum 15a, 15b. Preferably each drum 
15a. 15b is provided with a recoil spring 15c, 15d such that when a user releases or relaxes the 
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grip or tension on a line 4a, 4b, the drum 15a, 15b will rotate in a retract direction 212 to return 
the lines 4a, 4b to its coiled configuration: Each drum 15a, 15b is coupled to a second shaft 35 
via a one-way clutch 214a, 214b. Preferably, the arm exercise one-way clutches 214a, 214b 
are substantially identical to the leg exercise one-way clutches 20a, 20b. The one-way clutch is 
configured so that when a line 4a is pulled by a user in a first direction 216, the one-way clutch 
214a engages with the second shaft to drive the second shaft 35 in first rotational direction 222. 
When the line 4a moves in a second, retract direction 212 (under urging of return spring 15c), 
the one-way clutch 214a disengages from the shaft 35 and overruns the shaft. Thus, in the 
depicted embodiment, the lines 4a, 4b are coupled to the same resistance mechanism, namely 
the flywheel 17, as are the skis. The action of the arms and legs independently contribute to the 

momentum of the flywheel. 

Returning to FIG. 1, a friction belt 14 is provided engaging at least a portion (such as 
about 75%) of the circumference of the flywheel 17. Preferably one end of the friction belt 14 is 
coupled to a spring 13 while the other end is coupled, via line 134, ranging over friction band 
pulley 10 and second friction band pulley 6, to a speed controller clothing clip 8. In one 
embodiment, an elastic line member such as an elastic "bungee" cord 26 couples the line 134 to 
the clip 8. 

When the clip 8 is coupled to the user, such as by clipping to the user's belt or other 
clothing, net movement of the user backward 114 on the exercise machine relative to the frame 
23 will result in tightening the friction band 14 on the flywheel 17 (in an amount dependent, at 
least partly, on the spring constant of the spring 13 and/or the effective spring constant of the 
elastic cord 26), thus slowing the rotation of the flywheel 17. As described above, the flywheel 
17 is driven by the movement of the skis 22 and/or hand grips 1a, 1b in a one-way fashion, i.e.. 
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such that, in the absence of braking, moving the skis and hand grips faster tends to rotate the 
flywheel faster. 

When the user is in the rearmost position of the machine 136, the friction band is at its 
tightest around the flywheel, preventing it entirely from spinning. As the user begins exercising 
and moves forward 112, pressure is released from the friction band and the flywheel begins 
spinning. Once the user has reached the speed desired by the user (i.e., the level of effort 
desired by the user), the user continues to exercise at this level and the system will 
automatically substantially maintain the corresponding speed of the flywheel. If the user slows 
his or her pace, the user will begin to drift back on the machine 114, under gravity power 
because of the machine incline 142, resulting in the tightening of the friction band 14 and the 
slowing of the flywheel speed. As the user speeds up his or her pace, he or she will move 
forward on the machine 112, decreasing the pressure on the fiction band and thereby increasing 
the flywheel speed. Thus the system provides a method for speed control operated simply by 
the exerciser increasing or decreasing his or her level of effort. Thus there is no requirement for 
manual adjustments in order to change the intensity of the workout. 

In practice, the user will mount the device, insert his or her feet into the foot support 21 
of the skis 22 and grasp the hand grips 1. The user will attach the clothing clip 8 to his or her 
clothing. Initially the user will be near the rear-most position 136 and the friction band 14 will be 
at its tightest. The user will move the skis in reciprocating fashion with a normal skiing motion 
and, because of the resistance mechanisms described above, the user will begin to move up 
112 the incline 142 toward the front of the machine 138 and will cause the flywheel to begin 
rotating. Once the flywheel begins to spin, as the user's position fore and aft on the machine 
changes, there will be resultant constant variations in the machine friction band tension on the 
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flywheel. As the user slows, the momentum of the flywheel will tend to propel him or her 
backward. However, as the user moves back, the friction band is tightened, as described 
above, and thus the flywheel begins to slow down until a balance is attained. As the user 
speeds up, the friction band is eased, and the flywheel is allowed to accelerate. This system 
will thus automatically vary the machine speed based on the user's position without the need to 
make manual adjustments or input. The user can, however, adjust the machine in a number of 
ways to affect the intensity of the exercise, if desired. The user may turn the adjusting knobs 27 
to increase or decrease the forward resistance (e.g., to simulate varying friction conditions of 
snow). The user may change the incline of the machine 142 to increase or decrease the 
intensity of the exercise. If desired, the user will also pull on the ropes or hand grips 1a, 1b in 
the desired fashion for upper body resistance exercise. The user may pull on the ropes in an 
alternating fashion, parallel fashion, using either arm alone or the user may refrain from pulling 
on the ropes at all. As the user expends a greater level of effort (the sum of leg backward effort 
and any rope-pulling), the machine will automatically adjust the amount of friction on the 
flywheel 17 owing to the user's movement up or down the incline of the machine, depending on 
the user's level of effort. 

A somewhat different speed control configuration is depicted in FIG. 3. In the 
embodiment of FIG. 3, there is no need for the friction strap 14 to be coupled via a line to the 
user's clothing. Instead, the depicted friction control is based on the fact that if a user moves 
upward (i.e., up the incline 142) toward the front of the machine 138, the machine, although 
each driven roller 116a, 116b will be alternatively driven in forward 118 and reverse 122 
directions, there will be greater amount of forward rotation 118 than rearward rotation 122 as the 
user moves up the incline. 
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In the embodiment of FIG. 3, a line 37 is coupled between left and right rope spools 40a, 
40b which rotate with the driven rollers 116a, 116b. Line 37 runs, in order, around a left fixed 
pulley 35a, a movable speed control pulley 38, and a right fixed pulley 35b. The amount of line 
37 which, at any one time, is not wound on the spools 40a, 40b (i.e. the amount between the 
spools 49a. 40b and running around pulleys 35a, 38, 35b) will be referred to as the free line. If 
a user is maintaining his or her level of effort and thus staying at an average fixed location on 
the incline, as the user reciprocates the skis left and right, the rope 37 will move from one spool 
to the other, with no net movement of the movable pulley 38. Furthermore, as the user moves 
the left ski 22a backward and the right ski 22b forward an equal amount, the line 37 will unspool 
from the left spool 40a, and spool a substantially equal amount onto the right spool 40b. When 
the user in the reciprocating motion moves the right ski 22b backward, the same amount of line 
37 will spool off the right spool 40b and onto the left spool 40a. However, as the user expends 
a greater amount of energy, the user will move up the incline and thus on average, the forward 
strokes of the skis will be longer than the rearward strokes. This will result in the same amount 
of line 37 being unspoiled from the spools 40a, 40b, causing the effective free line length from 
the left spool 40a to right spool 40b (not considering the amount of line on the spools) to 
lengthen. As the effective length of the line lengthens, the movable pulley 38 is pulled forward 
314, under urging of spring 13 which relaxes somewhat causing the line 39 to pull less tightly on 
the friction band 14, decreasing friction on the flywheel 17. As a result, as the user moves 
upward up the incline, the friction band 14 will loosen. As the user moves down the incline 
toward the rearmost position 136, the amount of free line will shorten, moving free pulley 38 
rearwardly 312 and causing the friction band 14 to tighten. 
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FIG. 4 depicts another embodiment which uses a series of miter gears 44, 45 formed in 
a fashion similar to an automobile differential gear. With the differential gears of an automobile, 
(including those found in some toy automobiles) considering a car with wheels off the ground, 
spinning a wheel in one direction with the driveshaft locked results in other wheel spinning in the 
opposite direction. Unlocking the driveshaft, as long as one wheel spins an amount equal and 
opposite to the other, the driveshaft remains unchanged. If both wheels spin a net amount in 
the same direction, the driveshaft will rotate. 

In FIG. 4, a first set of drive gears 47 are attached to the rollers 116a, 116b. These 
engage a second set of drive gears 43 which are connected to a set of first miter gears 44 and 
encircled by a friction band cord spool 46. A friction band cord 39 wraps around the spool 46 
and attaches to the friction band 14. When one ski goes forward and the other goes back an 
equal amount, the opposite spinning first miter gears 44 counter each other in an equal and 
opposite manner. Since skiing is an alternating activity, the gearshaft 42 driven via gear trains 
412a, 412b will remain relatively still while a user is skiing in one position on the machine, i.e. 
moving the skis substantially the same amount forward as backward. As a result the friction 
band cord spool 46 remains unchanged. If the user's average position moves fore or aft on the 
machine, the gearshaft 42 will turn in one direction or the other. Thus, as the user moves 
forward or backward on the machine, the gear shaft 42 will rotate forward or backward, via the 
differential or miter gears 44, 45, to rotate the friction band cord spool 46, causing line 39 to 
loosen or tighten so as to loosen or tighten the friction band 14. As will be clear to those of skill 
in the art, a number of differential gear devices can be used for this purpose. 

FIG. 5 depicts an embodiment showing a number of alternative configurations. In the 
embodiment of FIG. 5, the user's feet, rather than being used to drive a simulated ski, instead 
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drive a footcar 50 forward and back. The footcar 50 has wheels 49 with one-way clutches such 
that the footcar 50 is free to move in the forward direction (i.e., the wheel clutches are 
disengaged). When a footcar 50 is moved in the rearward direction, the wheels frictionally 
engage the inside of the surface of the conveyer belt 52 (i.e., the wheels are locked as footcar 
50 is moved in the rearward direction). 

FIG. 5 also depicts another method for controlling speed by driving a flywheel shaft with 
a motor. Using this method negates the need to incline the machine, as the motor overcomes 
any internal friction. The speed of the motor can be set manually such as on a treadmill or the 
speed potentiometer can be tied to one of the speed controllers described above such that the 
machine speed is dependent on the user's position on the machine. 

In the embodiment of FIG. 5, during backward motion 514 of the footcar 50, while the 
footcar wheels 49 are locked, the amount of resistance to the backward motion of a given 
footcar perceived by the user will depend principally on the amount of forward friction on the 
opposing footcar and the inclination 542 of the exerciser with respect to the horizontal 543. 

Without wishing to be bound by any theory, it is believed that when an exerciser is 
exercising on a device according to the present invention, and if there is no net or average fore- 
aft movement (i.e., the exerciser is substantially maintaining his or her fore-aft position) the 
amount of resistance to a backward leg thrust is equal to the amount of resistance to forward 
movement of the opposite leg. It is believed that when the device is inclined, the resistance to 
forward movement has a contribution both from the one-way friction brake described above and 
resistance to movement up the incline, against gravity. During use of the device, the speed of 
rearward leg movement (ignoring arm exercise, for the moment) will be regulated by the speed 
of rotation of the flywheel which will be moving at a substantially constant speed if the user is 
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maintaining his or her fore-aft position on the machine. It is beiieved that the friction band, when 
it is applied as described to selectively slow the flywheel, is operating so as to balance the effect 
of gravity when the machine is inclined, in the sense that, if there were no friction band or other 
selective flywheel speed control, the user would tend to slide backward toward the rear most 
position on the machine when the machine is inclined. It is believed that, in situations where a 
user moves forward or aft on the machine, there is a temporary small difference between the 
forward resistance and the rearward resistance. 

As noted above, during bilateral motion using the exercise device of FIG. 5, the user will 
tend to oscillate somewhat forward and backward (even if the user is maintaining a constant 
average fore-aft position with respect to the exercise machine), as the user pushes back on 
each leg alternately. If the machine is inclined such that the track along which the footcars 
move is tilted upwards 542, with each forward oscillation, the user is also lifting his or her center 
of gravity a certain amount. The amount that the user lifts his or her center of gravity on each 
stride will depend not only on the length of the stride but also on the amount of inclination 542. 
According to one embodiment, the exercise machine can be adjusted to affect the perceived 
difficulty or level of activity by increasing or decreasing the inclination. 

In the depicted embodiment, the forward feet 526 are coupled to the lower frame 523 by 
pivot arm 66. The pivot arm 66 can be held in any of the variety of pivot locations by adjusting 
the extension of link arm 528. Thus, if the user wishes to increase the inclination 542 to an 
inclination greater than that depicted in FIG. 5. the user may disengage the far end (not shown) 
of link arm 528, which may be engaged by a plurality of mechanisms including bar and hook, pin 
and hole, rack and pinion, latching, ratcheting or other holding mechanisms, and extend the .ink 
arm 528, e.g., to the position depicted in FIG. 5A to increase the inclination of the machine to a 



23 



higher value 542', and resecure the far end of link arm 528 as depicted in FIG. 5A. If desired, 
the apparatus at FIG. 5 can be adjusted so that the footcars 50 move along a track which is 
angled downward toward the front of the machine (to simulate declined skiing situations). 

When the device of FIG. 5 is set at an inclination 542 up to about 10 degrees, it is 
anticipated that users will typically employ the arm ropes 75. At inclinations greater than about 
10 degrees, it is anticipated that users may prefer to use the rail system 77, 79. The rail system 
is believed to offer an upper body exercise similar to using a pair of banisters when climbing 
stairs. 

As discussed above in connection with Figs. 1 through 4, a variety of mechanisms can 
be used to sense the position and/or movement of the user along the fore-aft axis of the 
machine and to control speed, in response. In the embodiment of FIG. 5, similar devices can be 
used for sensing fore-aft position of the exerciser. In the embodiment of FIG. 5, it is preferred to 
use the position of the user to control the speed with which the belt 52 moves, e.g., by 
controlling the speed of motor 53. For example, the speed of the motor 53 may be controlled by 
a motor speed potentiometer whose setting is determined by an arm coupled to a line or cable. 
Thus, whereas in the embodiments of Figs. 1 through 4, pulling on a line 34, 39 resulted in 
tightening a friction band 14, in the embodiment of FIG. 5, pulling on a similar line in response to 
the fore-aft position of the exerciser moves a potentiometer arm so as to change the motor 
speed 53. Thus, as the user moves forward on the machine of FIG. 5, the potentiometer is 
preferably moved so as to increase the speed of motor 53, and when the user moves backward, 
towards the rear of the machine, the potentiometer is moved to a position so as to decrease the 
speed of the belt 52. In the embodiment depicted in FIG. 5, rather than sensing the position of 
the user via a clothing clip or differential motion sensor, a sonar transducer is mounted to the 
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upright frame 67 preferably at a height approximately near the user's abdomen to measure his 
or her distance from the front of the machine. In one embodiment, a microcontroller is used to 
operate the motor speed based on inputs from the transducer, e.g., according to the scheme 
depicted in FIG. 10, discussed more thoroughly below. A number of sonic transducers can be 
used for this purpose, including model part #617810 available from Polaroid. 

As depicted in FIG. 6, the footcar 50 has a generally inverted U-shape configured to fit 
over the top of a rectangular tube section 60. The rectangular tube section 60 includes 
.ongitudinal slots 612a, 612b which accommodate the axles 63a, 63b of the footcar. The axles 
63a, 63b extend through the footcar axle bearings 614a, 614b, 614c, 614d and through the slots 
612a, 612b as the footcar 50 and the square tube 1470, the axles 63a, 63b bear footcar whee.s 
49a, 49b, 49c, 49d. Each of the wheels 49a, 49b, 49c, 49d are configured with a one-way 
clutch, as described above, such that the wheels 49a, 49b, 49c, 49d roll freely in a first direction 
616 but are locked against rotation in the opposite direction 618, when footcar 50 is moving aft 
514. A conveyor belt 52 is positioned in the interior of the square tube 60 with the bottom 
surfaces of the footcar wheels 49a, 49b, 49c, 49d contacting the inner surface 14802 of the 
,ower limb of the conveyor belt 52. The rear end of the conveyor belt 52 is retained by conveyor 
belt idler 59 held by an idler retainer 58 and backer plate 57. An adjustab.e screw 65 can adjust 
the fore-aft position of the idler retainer 58 to adjust the tension on the belt 52. The fore end of 
the belt 52 passes around the conveyor belt drive roller 70 (FIG. 7) which is mounted on a drive 
shaft 83. Preferably the foo.cars 50 are configured to provide adjustable resistance when 
moving in the forward 512 direction (independently of the amount of perceived resistance in the 
reverse direction). 
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In the embodiment described above in connection with Figs. 1 through 4, it was 
described how it was possible to construct one-way forward leg resistance in connection with 
the one-way clutches 20a, 20b. In the embodiment of Figs. 5 and 6. it is also preferable to 
provide an amount of forward leg resistance and, if desired, a mechanism similar to that 
discussed above in connection with Figs. 1 through 4 can be used. In the embodiment of FIG. 
6, friction pads 64a, 64b, 64c, 64d can be made to bear against the outside surfaces of the 
wheels 49a, 49b, 49c, 49d. In the depicted embodiment, the wheels 49a, 49b, 49c, 49d are free 
to move laterally 624 a certain amount. Thus, in one embodiment, when adjusting screw 61 is 
tightened this screw presses against the outside of the friction pad 64b which in turn presses 
against the outside surface of the wheel 49b. A brake spring 62 pressing against the opposite 
side of the clutch 49 is provided to give increasing pressure against the tightening of the adjust 
screw 61 , resulting in greater friction to the clutch in the free wheel direction 616. 

Another embodiment is depicted in Figs. 1 1 and 12. a pair of slidable footcars (of which 
only the left footcar 1 102 is seen in the view of FIG. 1 1) is mounted on parallel tracks (of which 
only the upper surface of the left track 1 1 04 is seen in the view of FIG. 1 1 ). Although the tracks 
can be configured to provide a constant separation, such as a separation of about 12 inches 
(about 30 cm), the apparatus can also be configured to provide adjustable separation, e.g. via a 
rack and pinion mounting (not shown). The tracks are long enough to accommodate the full 
stride of the user, normally about 30 inches to 50 inches (about 75 cm to 125 cm). 

The cars 1102 are designed to slide or travel linearly up and down 1106 the tracks. In 
the depicted embodiment, the cars travel on the tracks 1104 supported by wheels 1108a, b 
which are configured to maintain low rolling resistance to the tracks while carrying the full weight 
of the user. 
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Figs. 7 through 9 also depict an arm exercise mechanism. In the depicted embodiment, 
an upright frame element 67 accommodates left and right ropes 812, 814. At first end of rope 
812 is coupled to a left hand grip 75a. The rope 812 then is positioned over a first fixed pulley 
816a, over a second movable pulley 818a, (coupled to arm line 68a) to a second fixed pulley 
822a and thence coupled to a rail hand grip 77a configured to slide along rail 79a. As can be 
seen in FIG. 8, a similar arrangement is provided for the right rope 814. If the machine is 
declined 545, it is anticipated that the user will typically use the hand grips 75a, 75b rather than 
the rail grips 77a, 77b. 

The arm exercise lines 68a, 68b are wrapped around spools 72a, 72b coupled by one- 
way clutches 712a, 712b to the driveshaft 83. A number of one-way clutches can be used for 
this purpose, including clutches similar to those 20a, 20b used in connection with the driven 
rollers 116a, 116b. The spools 72a, 72b are coupled by the clutches 712a, 712b to the 
driveshaft 83 in such a manner that unwinding either of the ropes 68a, 68b by pulling on the 
hand grips 75a, 75b, 77a, will cause the clutch to engage and lock against the shaft 83 in the 
same direction that the shaft is spinning the belt drive rollers 70. A pair of recoil springs 71a, 
71b retract the ropes 68a, 68b onto the spools 71a, 71b when the user relaxes tension on the 
ropes 68a, 68b. 

By pulling on either end of the ropes 812, 814, i.e., by pulling on hand grips 75a, 75b or 
rail grips 77a, 77b, the movable pulleys 818a, 818b are, respectively, pulled upward, unspooling 
lines 68a, 68b from the spool 72a, 72b such that the user perceives the resistance to be pulling 
on the handle 75, 77 (greater than internal or friction resistance) if the speed of pulling is such 
that the spools 72a, 72b are rotating at a rotational rate faster than that of the current rotational 
rate of the shaft 83. The linear speed of the rope ends 75a, 75b, 77a, 77b is related to 
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rails 79 adjust knobs 82 (FIG. 9) are loosened to allow rail support 80 to slide freely. When the 
rails 79 are positioned in the desired location, the knobs 82 are tightened to hold the rails in the 
desired position. 

FIG. 10 depicts a procedure that can be used for adjusting the speed of motor 53. In 
one embodiment the procedure depicted in FIG. 10 is implemented using a microcontroller for 
controlling the motor. In the embodiment of FIG. 10, it is preferred that if the user is more than a 
predetermined distance aft (such as five feet or greater from the front of the machine) 1012, the 
belts 522 will be immobile, i.e., the motor speed will be set to zero 1014. Similarly, if at any time 
the distance of the user from the front of the machine changes at a rate of greater than one foot 
per second for greater than 1.5 feet 1016, the belts are similarly stopped by setting the motor 
speed to zero 1018. The procedure preferably differs somewhat depending on whether the 
machine is in start-up mode (e.g., after the user initially mounts the machine) or is in normal or 
run mode. 

Preferably, the unit will not start unless the range (i.e., the distance of the user from the 
front of the machine) is less than a predetermined amount such as two feet 1022. If the user is 
not in this range, the procedure loops 1024 until the user moves within range. Once the user 
has moved within range, the machine is initially in start-up mode and the speed is set to a 
predetermined initial speed such as 25% of maximum speed 1026. In one embodiment, the 
controller will ramp up a speed gradually so that the output from the microcontroller board can 
go immediately to 25% upon start-up. Assuming the maximum velocity condition has not been 
exceeded 1016, if the range stays below three feet 1028 within three seconds 1032 while the 
device is in start-up mode 1034 the speed will increase by 10% 1036 each second 1038, 
looping 1042 through this start-up procedure 1044 until the user exceeds a range of three feet 
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control can be used such as controls which automatically vary the speed at predetermined 
times, or in predetermined circumstances, e.g., to simulate different snow or terrain conditions, 
controls which automatically raise or lower the elevation 528, 542 to simulate variations in 
terrain and the like. 

In light of the above description a number of advantages of the present invention can be 
seen. The present invention more accurately simulates natural exercise than most previous 
devices. In one embodiment the device provides resistance to forward or upward leg movement 
rather than only rearward leg movement. Preferably forward leg movement resistance can be 
adjusted. Preferably the device controls the speed and/or resistance offered or perceived and, 
in one embodiment speed is controlled in response to the fore-aft location of the user on the 
machine. In one embodiment, the fore-aft location is detected automatically and may, in some 
embodiments, be detected without physically connecting the user to the machine, e.g., by a 
clothing clip or otherwise. The device is capable of providing upper body exercise, preferably 
such that, as a user maintains a given level of overall effort, expenditure of greater lower body 
efforts permits expenditure of less upper body effort and vice versa. Preferably the arm 
exercise is bilaterally independent such that user may exercise left and right arms alternately, in 
parallel, or may exercise only one or neither arm during leg exercise. 

A number of variations and modifications of the present invention can be used. In 
general, the described method of speed control (preferably involving automatically adjusting 
speed or perceived resistance based on fore-aft position of the user, without the need for 
manual input or control) is applicable to exercise machines other than ski simulation machines, 
including treadmill or other running or walking machines, stair climbing simulators, bicycling 
simulators, rowing machines, climbing simulators, and the like. 
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Although FIG. 1 depicts a device inclined upward in the forward direction, it would be 
possible to provide a machine which could be inclined downward in the forward direction if 
desired, although this would remove the gravity-power aspect of the configuration. 

Although embodiments are described in which speed control is provided by a braked 
flywheel, other speed control devices can also be used. The flywheel could be braked by a 
drum-type brake or a pressure plate- or pad-type brake in addition to the circumferential 
pressure belt brake. The drive roller 116 could be coupled to drive an electric generator for 
generating energy, e.g., to be dissipated with variable resistance. The flywheel 17 can be 
provided with fins, blades, or otherwise configured to be resisted by air resistance. 

Although in FIG. 2, two shafts are depicted 31, 35, coupled by a belt 18, it would be 
possible to have the clutches 20a, 20b coupled directly to the flywheel shaft 31, or otherwise to 
provide only a single shaft. Although it is preferred to use the same resistance mechanism (e.g. 
flywheel 17) from arm and (backward) leg motion, it would be possible to provide separate 
resistance devices (such as two flywheels). 

Although the embodiment of FIG. 5 depicts two separate treadmills, one for each 
footcar, it is possible to provide a configuration in which a single treadmill is provided extending 
across the width of the device. In situations where two treadmills are provided, it would be 
possible to configure the device such that the treadmills can move at different speeds (such as 
by driving each with a separate motor or providing reduction gearing for one or both treadmills), 
e.g., for rehabilitative exercise and the like. 

In one embodiment, the inclination 542 can be changed automatically, e.g., by extending 
link arm 528 using a motor to drive a rack and pinion connection. Preferably, the motor is 
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activated in response to manual user input or in response to a pre-programmed or pre-stored 
exercise routine such that the device can be elevated during exercise. 

Although in the embodiment of FIG. 5 the speed of the belt movement was adjusted by 
adjusting the speed of the motor 53, it would also be possible to use a constant-speed motor 53 
and employ, e.g., shiftable gears to change the belt speed. It is also possible to provide speed 
control which is configured to provide a constant speed rather than a variable or adjustable 
speed. 

Although it is recognized that there may be some amount of resistance to forward (or 
upward) leg movement arising from internal machine resistance and/or overcoming the effects 
of gravity, preferably the exercise device of the present invention can provide forward or upward 
leg movement resistance which is greater than internal machine resistance and/or gravity 
resistance and preferably is adjustable (which internal machine resistance and gravity 

resistance typically are not). 

Although it is anticipated that users will typically perform leg exercise in an alternating, 
reciprocal fashion, preferably the exercise device does not force the user into this type of 
exercise. In the depicted embodiments, there is nothing in the machine that would prevent a 
user from moving one leg more vigorously than the other (or even keeping one leg stationary) 
although it might be necessary to adjust speed control to accommodate this type of movement. 

Perhaps the most important advantage of the present invention is its ability to replicate 
the forces found in nature. This advantage is illustrated in its simplest form by the graphical 
representation of Figure 13. For most activities involving muscle exertion, a person increases 
the amount of force applied during the course of a movement. For example, when a person 
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throws a ball, the force he exerts on the ball is greatest just before his release. The same is 

true for running, biking, rowing, etc. 

Generally, the present invention consists of a user mountable carriage designed to slide 
in the fore and aft direction. The carriage contains a power transfer element, such as pedals, 
arm levers or the like, which convert the user's motions into a means for propelling the carriage 
relative to a dynamic element. A dynamic element generally consists of an endless belt or the 
Ik. driven by a motor or by a slight incline to a base frame. Additionally, a rearward friction or 
force element causes a rearward force against the carriage preferably relative to the dynamic 

encountered in nature. 

As a user operates the motion machine designed according to the principles of the 
present invention he generates a cyclic motion of the user carriage caused by the reciprocating 

acceleration and deceleration within its framewor, For discussion purposes, this cyclic mofon 
includes and will be defined as the power stroke, (such as when a user begins pushing on a 
pedal) and a rest stroke (such as when a user reaches the bottom of his pedal stroke). During 
the power stroke the user sends power through the power transfer element on the carriage to 

force element. 

A speed controller, such as a potentiometer on the motorized version of this 
embodiment, controls the speed of the machine. Alternative.* an automatic speed control can 
be used which ascertains the fore/aft position of the carriage within the support frame and sets 
the motor speed accordingly. More specifically, when the carriage is positioned on the middle of 
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the frame, the speed controller maintains the current motor speed. If the carriage begins to 
move rearward due to the user slowing down, the speed controller slows the motor speed to 
encourage the carriage to become centered again. Similarly, if the carriage begins to move 
forward due to the user speeding up, the speed controller increases the motor speed to once 
again encourage the carriage to become centered. This feature allows the user to exercise at 
whatever pace he desires, including the ability to speed up or slow down without making any 
adjustments to the machine. 

For illustration purposes, the principles of the present invention have been and will 
continue to be shown and described as they relate to particular preferred embodiments of 
exercise apparatus and the like. However, it will be understood that these principles are in no 
way deemed to be limited to such described embodiments. In fact, it will be further understood 
that these principles will apply to any form of human propelled motion machines. 

Referring now back to Figure 13, the force between a user's foot and a pedal on both a 
stationary exercise bike (dashed lines) 1200 and a non-stationary bike (solid lines) 1210 while in 
use are shown. Note that Force is represented on the y-axis and time (with T=one full pedal 
revolution) is represented on the x-axis. With respect to the non-stationary bike (i.e. a real bike 
or a bike incorporating the present invention) 1210, as the user begins his stroke, the bike 
accelerates forward in a manner such that the force on the pedal increases as the stroke 
progresses. On the other hand and with respect to the stationary bike 1200, as the user begins 
his stroke, he encounters the rotating flywheel. However, because of the stationary nature of 
the machine his full force is translated directly to the flywheel. As the flywheel will resist any 
change in angular momentum, the force on the user's foot will be high and constant from the 
beginning to the end of the stroke. 



36 



Therefore, the graph of Figure 13 demonstrates that for a given perceived force output, 
the user of a non-stationary bike will exert a greater net force while experiencing less stress to 
the joints and muscles of the leg as compared to the user of a stationary bike. Thus, the forces 
with respect to the non-stationary bike are healthier for the body's joints and muscles. This 
becomes particularly important when the present invention is incorporated within applications 
involving physical therapy where it is crucial to reduce the impact of force on recuperating 
bodies. 

Figure 14 illustrates one of the preferred embodiments of the present invention. This 
bike machine 1220 embodiment can be broken down into two main assemblies, the user 
carriage assembly 1230 and the support assembly 1240. The user carriage consists of a frame 
1250 upon which is mounted a slide bearing 1260, a pair of idlers 1270, a drive element 
tensioner 1280 which adjusts rearward force on the carriage, and the typical bicycle 
components including a handle bar 1290, seat 1300, crank set 1310, derailleur 1320, drive 
wheel 1340 and gear shift 1350. The support 1240 consists of a frame 1360, a pair of stops 
1370, a slide bearing rail 1380, a drive element 1390, drive element idler 1400, drive element 
drive wheel 1410, motor 1420 and an incline mechanism 1430 to provide for an adjustable 
positioning of the support 1240 and carriage assembly 1230 above a support surface 1440. 

The carriage assembly 1230 is slidably mounted on the support assembly 1240 via slide 
bearing 1260 over bearing rail 1380. It is preferred that such a bearing combination be chosen 
such that with a user's full body weight on the carriage 1230, the carriage 1230 fore and aft 
friction is minimal. Although there are many types of bearing systems that will allow the carriage 
to freely move in the fore and aft directions, the preferred embodiment depicts a slide rail 
design. Other designs may include ball bearings, roller bearings, Teflon™ bearings, magnetic 
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and down motion in order to better simulate, for example, the side-to-side motion encountered 
ability to steer the carriage 1 230 left and right within the confines of the support assembly 1240. 

tnese stops 1370 wi„ incorporate spring means to avoid abrupt stopping when the user reaches 

pieasurab, the exercise experience wi„ be to the user as a greater distance w, a„ow for the 

The carriage assemb.y 1230 has a drive train consisting of a standard bicycle crankset 
,310 which drives the drive whee. 1340 and is preferab, capable of using various gear ratios 

tha t the angular momentum of the drive whee. 1340 be equivalent to the angular momentum 
carri ed by a norma, bicyc.e which would be eguiva.ent to the sum of the angular momentum of 
the front wheel and the back wheel. Additional it is a,so important that the weight of the 
carriage 1230 be approximately the same as that of a normal bicycle. 

Motor 1420 drives drive element 1390 which engages drive whee, 1340 and is aligned 
by id,ers 1270. This drive eiement can be a rubber belt, a bicycle chain, a cable, etc. To 
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to approximately 40 mph. In order to maintain a uniform speed during exercise, the motor 
should be chosen such that it is powerful enough to compensate for the constant cyclic action of 
the carriage. This can also be accomplished by giving a large amount of momentum to the 
drive elements by, for example, adding a flywheel to the motor. 

Idlers 1270 hold the drive element 1390 against the drive wheel 1340. The friction 
between the drive element 1390 and the drive wheel 1340 is crucial in simulating the feel of a 
real bicycle riding. To properly calibrate this friction, the pressure of the idlers 1270 is set so 
that the rearward force applied to the carriage by the drive element at a given speed is 
equivalent to the rearward force applied to a real bicycle and idler at the same speed as the 
result of wind resistance and friction between the road and the tires. Alternatively, a fixed 
rearward (or forward when operated in reverse) force can be applied to the carriage such as 
with a spring or a hanging weight. 

In operation, the user mounts the carriage assembly 1230 and turns on the motor 1420 
to the desired speed and direction (as the present invention allows user propulsion of the 
carriage in either forward or backward direction). If the user does not pedal, the carriage 
assembly 1230 will be propelled to the back of the rail 1380 against the back stop 1370. As the 
user begins to pedal and the drive wheel 1340 reaches and exceeds the speed of the drive 
element, the carriage and user will begin to move forward. The goal of the user is to keep the 
carriage centered on the support assembly 1240. 

By increasing or decreasing the motor 1420 speed, the user can vary the intensity of his 
workout. The user can also vary the pressure on the drive wheel tensioner 1280 to vary the 
intensity of his workout. By reducing resistance, the machine will exhibit the same 
characteristics as a racing bike with thin, slick, high-pressure-tires. On the other hand, 
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increasing the resistance will make the machine exhibit the characteristics of a mountain bike 
with wide, knobby, low-pressure tires. 

Preferably, the user can simulate hill riding (both up and down) with the use of 
incline/decline mechanism 1430. This mechanism tilts the entire machine 1220 with respect to 
the support surface 1440 and creates an incline/decline plane against which to exercise. 
Additionally, by including the derailleur 1320, the user can change gear ratios between the 
crankset 1310 and drive wheel 1340. This allows the user to maintain a steady cadence (pedal 
strokes per minute) over varying motor speeds and hill incline/decline. 

Figure 15 illustrates another preferred embodiment of the present invention. Once 
again, this bike machine 1450 embodiment can be broken down into two main assemblies, the 
user carriage assembly 1460 and the support assembly 1470. The user carriage 1460 consists 
of a frame 1480 upon which is mounted a slide bearing 1490 and the typical bicycle 
components including a handlebar 1500, seat 1510, crank set 1520 and gear shifter 1530. The 
support assembly 1470 consists of a rigid frame 1540, a pair of stops 1560, a slide bearing rail 
1570, a drive element 1580, drive element idler 1590, drive element drive wheel 1600, tensioner 
idler 1610, derailleur 1620, multigear sprocket 1630, tensioning springs 1640, transfer drive 
element 1650, motor drive element 1660, motor 1670, incline/decline mechanism 1680, friction 
element 1690, friction element idlers 1700 and friction element tether 1710. 

The carriage assembly 1460 is slidably mounted to the frame assembly 1470 via slide 
bearing rail 1570. As previously discussed, the bearing combination is preferably chosen such 
that with the user's full body weight on the carriage 1460, the carriage fore and aft friction is 
minimal. This fore and aft motion is kept between a controlled range as defined by stops 1560. 
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Th ese stops would preferably incorporate spring means or the .ike to avoid abrupt stopping 

when the user carriage reaches the front or back of the machine 1450. 

The crank set 1520 drives drive element 1580 which is preferably a bicycle chain, belt, 
cable etc Drive element 1580 passes over idler 1590, around tensioner idler 1610 and over 
dri ve element drive wheel 1600. Tensioning spring 1640 allows the carriage assembly 1460 to 
m ove freely fore and aft while maintaining constant tension on the drive element 1580. The 

and around multigear sprocket 1630 (which is the equivalent to a multigear sprocket found on 
the rear wheel of a typical multi-speed bicycle). Parallel and directly attached to the multigear 
sprocket is a pulley which is driven by a motor 1670 and motor drive element 1660. 

Additionally, friction element 1690 (also shown in Figure 21) is a.so attached to the 
mo tor 1670. This device is a cylindrical spindle which free-wheels on the motor shaft with a 
certain amount of preferably adjustable friction. A friction element tether 1710 is wrapped 

back of the carriage frame 1480. 

During operation, a user mounts the carriage 1460 and turns the motor 1670 on. As the 

the carriage 1460 towards the back of the frame 1470. This friction increases with faster motor 
speed thereby urging the carriage backwards with greater force. As the user begins to pedal at 

gear ratios on mu.ti gear sprocket 1630, thereby simu.ating the various gear ratios on a mult,- 
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speed bicycle. In order to simulate hill riding, the incline/decline mechanism 1680 is adjusted 
accordingly. 

The bike machine 1720 of Figure 16 is much like the bike machine of Figure 15, both of 
which have the transmission elements on the frame assembly. While many of the components 
of the bike machines of Figures 15 and 16 remain the same, their interconnecting has slightly 
changed. The bike machine 1720 of Figure 15 includes the user carnage assembly 1730 and 
the support assembly 1740. The user carriage 1730 consists of a frame 1750 upon which is 
mounted a slide bearing 1760 and the typical bicycle components including a handlebar 1770, 
seat 1780, crank set 1790 and gear shifter 1800. The support assembly 1740 consists of a rigid 
frame 1810, a pair of stops 1820 (including springs 1830), a slide bearing rail 1840, a drive 
element 1850, drive element idlers 1860, derailleur 1870, multigear sprocket 1880, transfer 
drive element 1890, motor drive element 1900, motor 1910, incline/decline mechanism 1920, 
friction element 1930, friction element idlers 1940 and friction element tether 1950. 

Yet another preferred embodiment of a bike machine incorporating the principles of the 
present invention is illustrated in Figure 17. This bike machine 1960 has the same main 
components of a user carriage assembly 1970 and a support assembly 1980. The carriage 
1970 consists of a frame 1990 upon which is mounted a slide bearing 2000, handlebar 2010, 
seat 2020, crank set 2030, derailleur 2040, crank set drive element 2050, sprocket set 2060 and 
differential gear set 2070. The differential gear set 2070 includes the carriage input 2080, motor 
input 2090, differential output 2100, motor 2110, differential drive element 2120 and variable 
friction device 2130. The support assembly 1980 consists of a rigid frame 2140, a pair of stops 
2150, slide bearing rail 2160 and an incline/decline mechanism 2170. 
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The crank set 2030 drives the multigear sprocket 2060 thereby driving crank set drive 
element 2050 which is coupled to carriage input 2080 through variable friction device 2130. The 
motor 21 1 0, preferably including a flywheel or the like, drives the motor input 2090. Differential 
output 2100 is a spindle with differential drive element 2120 wrapped around it and fastened to 

the front and back of the frame 2140. 

It is preferable to incorporate an adjustable friction device 2130 at a point between crank 
set drive element 2050 and differential input 2080. Adding a resistance at this point will cause 
the machine to exhibit the same characteristics as riding a bicycle on the road as this friction will 
simulate the forces of road and wind friction. 

During operation, the user mounts the carriage 1970 and turns the motor speed to the 
desired setting. As the motor begins to rotate input 2090, differentia, output 2100 will begin to 
turn thereby sliding the carriage assembly 1970 toward the rear of the machine. As the user 
begins to pedal, carriage input 2080 begins to rotate. As the user reaches a pedaling cadence 
such that element 2080 and element 2090 are rotating at equal rates, the carriage assembly will 
remain in a relatively steady fore and aft position. If the user momentarily stops pedaling, the 
drive element 2050 will begin to slow causing differential output 2100 to rotate and drive the 
carriage assembly 1970 backwards. On the other hand, if the user speeds up his pace such 
that the input 2080 rotates faster than input 2090, differential output 2100 will drive the carriage 
assembly 1970 forward. Obviously, and as discussed with respect to Figure 13, as the user 
exerts effort on each stroke, the carriage assembly 1970 will oscillate fore and aft. 

A variation of this embodiment can be operated without the use of a base frame. This 
can be done by replacing rail bearing 2000 and support assembly 1980 with wheels which allow 
the carriage to roll on a flat floor surface and driving the wheels with differential output 2100. 
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During operation, the user would mount the machine, turn on the motor and pedai. if the user's 
speed is equal to that of the motor speed, the machine will stay in a relatively stationary 
iocation. If the user accelerates or decelerates, the machine will move forward or backward. 
Additionally, placing the machine on an incline or decline plane, hill riding can be simulated. 

Aithough the bike machine embodiments of Figures 14-17 included incline/decline 
mechanisms to simulate hill riding, the slight elevation of those machines would enable further 
embodiments that wou.d not need to be motorized. In other words, the dynamic member would 
be propelled by s.ightly elevating the front end of the machine and allowing the carriage to ride 
on an inclined plane. Referring back to Figure 14, all of the components of this non-motorized 
embodiment would be the same as earlier described with the exception of motor 1420. The 
non-motorized version wou.d instead include a flywheel with a braking means such as a friction 
band or a generator with a variable load . 

During use. the front of the machine is slightly elevated and as the user begins to pedal, 
the carriage is propelled forward and slightly up due to the incline. Because of this incline, the 
tendency of the carriage will be to return towards the rear of the frame. If the user continues to 
pedal, the dynamic element 1390 will be traversing the drive wheel 1340, thereby rotating the 
flywheel (previously motor 1420). The rate of rotation of the flywhee. can then be further 
controlled by various speed control methods. 

The human propelled differential motion machine of the present invention may also be 
utilized to simulate rowing. The preferred embodiment of such a rowing machine 2180 consists 
of a carriage assemb.y 2190 and a base support assembly 2200 and is illustrated in Figure 18. 
The carriage assembly 2190 consists of a frame 2210, a seat 2220 and rollers 2230, which 
allow the seat 2220 to freely slide fore and aft on the frame 2210. The carriage further includes 
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pull handle 2240 (attached to drive chain 2250), foot support 2260, drive wheel 2270, one way 
drive clutch 2280, recoil spring 2290, friction device 2300 and carriage wheels 2310. The base 
support consists of a frame 2320, motor 2330, drive element drive 2340, drive element 2350, 
idler 2360, stops 2370 and incline/decline mechanism 2380. 

To operate, the user sets the motor speed to the desired level. The motor 2330 then 
drives element 2350 which engages drive wheel 2270 and friction device 2300 causing the 
carriage assembly 2190 to move toward the back of the machine 2180. The user then sits on 
the seat 2220 and secures his feet into the foot supports 2260. While bending his knees, the 
user grasps pull handle 2240 and begins a rowing motion which involves straightening his 
knees and pulling with his arms. As the user pulls on the handle, drive chain 2250 engages one 
way clutch 2280 and rotates drive wheel 2270. When the user reaches the end of his stroke, he 
bends his knees again and allows the recoil spring 2290 to retract the drive chain over the one 
way clutch in the freewheel direction. When the drive wheel 2270 exceeds the speed of drive 
element 2350, the carriage assembly 2210 begins to move towards the front of the machine 
2180. 

Figure 19 is illustrative of an enlarged view of the one way clutch mechanism 2280 of 
Figure 18. The drive chain engages the mechanism about its outer circumference 2390 and 
upon the power stroke rotates counterclockwise 2400. If this counterclockwise rotation is 
greater than the drive wheel 2270 rotation, the clutch engages the drive wheel and urges the 
carriage assembly 2190 forward. If this counterclockwise rotation is not greater than the drive 
wheel 2270 rotation or the clutch 2330 is rotating clockwise 2410 as during the rest stroke, it will 
be disengaged from the drive wheel 2270 and the carriage assembly 2190 is urged backwards 
due to the deceleration of the drive wheel 2270 relative to the drive element 2350. 
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The user's goal with this rowing machine 2180 is again to maintain an average position 
between the stops 2370. As he exercises, the carriage will travel forward during the power 
portion of his stroke and rearward during the rest portion. Additional to the 
upstream/downstream effect the incline/decline mechanism 2380 can offer, a multispeed 
derailleur mechanism may be added to the drive wheel 2270. This would allow the user to 
increase or decrease the amount of effort required for exercise. It may also be beneficial to 
make friction mechanism 2300 adjustable. This would give the user a different means for 
increasing or decreasing the effort required for exercise. By increasing resistance, the 
experience would be similar to rowing a heavy wooden rowboat. By decreasing the resistance, 
the experience would be similar to rowing a light weight crew shell. By further reducing the 
resistance and increasing the gear ratio of the drive system, this machine can allow the user to 
exercise at a much greater speed than otherwise possible. 

The present invention has thus far been described as it relates to a preferred skier 
embodiment, a preferred bicycle embodiment as well as a preferred rower embodiment. Other 
human motion simulating machines may be easily designed according to the principles 
described herein and as such would realistically exhibit the sensation of natural motion. 
However, rather than describing infinitive machines, the more general design characteristics 
that may be incorporated within any embodiment will now be discussed. 

For example, an important design characteristic of the carriage is the consideration of 
the momentum exhibited thereby. When using the invention for bicycle riding, for example, in 
order to properly simulate the ride, the carriage should weigh approximately the same as a 
standard bicycle so that as it oscillates fore and aft, it will exhibit the same characteristics of a 
real bicycle. Additionally, the angular momentum carried by the rotating components of the 
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carriage should be equivalent to those on a real bicycle, namely the angular momentum of the 
bicycle wheels. 

A carriage used for simulating bicycle riding will generally use two pedals to drive the 
system and as such would be considered to be a two way dependant motion system which 
means that as one pedal is pushed down, the other necessarily comes up, i.e., the motion of 
one pedal is dependant upon the other. Other human propelled activities may use four way 
independent motion to propel the user, such as for example, cross-country skiing. In such a 
situation, the user can propel himself with one limb, or any combination of limbs without 
depending on the others. In order to properly simulate these, as well as other motions, the 
carriage can be designed to allow for dependent and/or independent motion. 

In order to simulate, for example, bicycle riding, it is important that the carriage is 
allowed to travel a somewhat linear path. Referring now to Figure 20, since the goal of the user 
is to maintain the position of the carriage 2590 in roughly the middle 2600 of the machine 2610. 
it may be desirable to use a non-linear path for the carriage slide system such that the front 
2620 and rear 2630 of the path are slightly higher than the middle 2640. This way, as the 
carriage is moved off center, it is encouraged to return to the lowest point on the path, i.e., the 
middle. This would allow the invention to be built on a shorter frame since the total fore and aft 
travel will be reduced. 

Alternatively, it may be desirable to build a long track for the carriage. Such a design 
would be particularly beneficial when using multiple machines, side by side, for competition. It 
may also be beneficial to incorporate a long track with an inclined or declined portion so that, for 
example, when a user wishes to simulate riding uphill, he moves the carriage to the inclined 
section of the track. 
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Another important design characteristic is the amount of rearward force applied to 
carriage, or forward force when the invention is being used in reverse. On a bicycle, for 
example, this force is the equivalent to the rearward force applied to a moving bicycle due to 
wind resistance as well as the resistance between the bicycle tires and the road. The 
characteristics of this force may vary based on the resistance of the tires on the road, the speed 
of the bicycle over the road, air resistance, the rider's weight and the momentum of his legs 
during his pedal strokes. If the user applies a force equal and opposite in direction to this 
resistive or rearward force, the bicycle will travel at a constant velocity. 

One method of providing rearward force is shown in Figure 14. As dynamic member 
1390 passes over idlers 1270 and drive wheel 1340, there is a certain amount of friction 
between these elements resulting in the tendency of the dynamic member 1390 to motivate the 
carriage assembly 1230 in a rearward direction. Idlers 1270 may be adjustable such that they 
apply greater or lesser pressure against the dynamic member 1390. Another method for 
providing rearward force is to apply a braking pressure against one of idlers 1270 as 
demonstrated by the footcar of Figure 6. 

Another method used in the present invention is demonstrated in Figure 21. This shows 
a variable dynamic friction element 2650 which can be added to the motor, or the moving device 
in the non-motorized version. It consists of a motor 2660, or other moving device in the case of 
a non-motorized version, drive shaft 2670, fixed coupling 2680, friction pads 2690, spindle 2700, 
spring 2710 and a threaded knob adjuster 2720, which mates with motor or moving device shaft 
threads 2730. 

In order to accurately exhibit the force characteristics found in nature, the diameter of the 
spindle 2700 must be chosen so that if it were allowed to spin at the same rate as the motor 
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shaft, its surface speed would be equivalent to the speed the machine is simulating, in 
operation, a tether is wrapped around spindle 2700 and attached to the rear of the carriage 
assembly such that as the spindle turns in the direction of the motor shaft, the tether applies a 
force to the carriage in a rearward direction. As the motor rotates faster, the spindle 2700 
applies increasing rearward force to the carriage. By adjusting knob 2720, the user can create 
m ore or less resistance allowing the machine to have the feel of, for example, a mountain bike 
with low-pressure tires (high resistance) or a racing bike with high-pressure tires (low 
resistance). 

Figure 22 shows another rearward force method which is variable upon the user (and 
carriage) weight. It consists of a drive wheel 2740. drive e.ement 2760. idler wheel 2770. roller 
bearing 2780 and roller bearing rail 2790. This method basically involves the replacement of 
bearing 1260 and rail 1380 of Figure 14 with rolling bearing 2780 and roller rail 2790, and 
replacing idlers 1270 from Figure 14 with idler wheel 2770. 

As the user mounts the carriage 1230, his weight (along with the weight of the carriage) 
forces drive wheel 2740 down against drive element 2760 and against idler 2770. The carriage 
12 30 is capable of rolling fore and aft on roller bearing 2780 and rail 2790. Drive wheel 2740 
and idler 2770 are not fixed in location relative to one another, in other words, as the user 
m ounts the carriage 1230. his weight causes wheel 2740 to compress drive element 2760 onto 
idler 2770. As a result, the greater the weight, the greater the force applied to the carriage. 

Another method for applying rearward force involves using a generator mounted on the 
carriage designed to engage the dynamic e.ement. For example, if friction element 1270 were 
replaced with a generator, a fixed or variable load can be placed across the generator to offer 
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greater or lesser force against the dynamic element thereby driving the carriage in the direction 

of the dynamic element. 

Another method for applying rearward force involves using a servo motor and a 
microprocessor or other control method. The servo motor is attached to the rear of the frame 
with a tether wrapped around its output shaft and attached to the carriage. The microprocessor 
directs the servo motor to apply a specified amount of force to the carriage. In this embodiment, 
it may be desirable to have the user enter his weight so that the microprocessor can accurately 
calculate the amount of force required. 

It may be desirable to incorporate a strain gauge between the carriage and the rearward 
force device. This would allow for calibration of the invention and would also ensure that similar 
devices used for competition purposes would be equally matched. 

It may also be desirable to simulate the forces caused by wind. For example, as a 
bicycle rider increases his speed, the apparent wind speed increases, thereby increasing the 
amount of rearward force on the bike. One way to simulate this effect is to incorporate a 
variable speed fan at the front of the machine. Another way is to calculate the force effects of 
wind and incorporate them into the force devices described above. 

Another design characteristic involves the control of the speed of the dynamic element of 
the present invention. When using a motor to drive the dynamic element, a simple potentiometer 
can be used to adjust and control motor speed. 

However, another method involves the use of an "intelligent" speed control system. This 
involves detecting the fore/aft position of the carriage and adjusting the speed of the dynamic 
element accordingly. The goal is to have the system speed up the dynamic member as the 
carriage approaches the front of the base, and slow down and eventually stop the dynamic 
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member as the carriage approaches the back of the base. This way the user can "zone out" 
and not pay attention to his position on the machine. If he wishes to go faster, he simply speeds 
up his motions and the machine speeds up to match his pace. Conversely, as the user slows 
down, the machine slows down. If the user stops, the machine will stop before the carriage 
reaches the back of the base. This feature has tremendous value for allowing multiple users to 
compete with one another. The user can constantly change his pace without having to 
manually interface with the machine. 

The goal of the speed control system is to keep the user roughly centered (fore and aft) 
on the machine. There may be times, however, when it is desirable to bring the user off center. 
For example, if it is desirable for the user to accelerate, it is best if he begins his acceleration 
from the back of the machine. As he accelerates, his position will move forward, and until he 
reaches the front stop, the invention will exhibit the exact characteristics of acceleration. 

Detecting the fore/aft position of the carriage can be accomplished in many ways. One 
method involves the use of a sonic range sensor mounted at the front or rear of the machine. 
When aimed at the carriage, this device can detect the exact fore/aft location of the carriage and 
direct the motor speed accordingly. Another method involves running a tether from the carriage 
to a pulley on the back of the frame, then forward to a pulley on the front of the frame, then 
around a potentiometer, and back to the carriage. As the carriage moves fore and aft, the 
potentiometer increases and decreases the speed of the motor. 

It may be desirable to allow the machine to be run in a program mode such that the user 
rides on a predetermined course shown on a display. In this case, the speed control system 
may automatically vary the speed of the dynamic element so as to change the fore/aft position 
of the user in anticipation of the user accelerating or decelerating. For example, if the program 
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h as a user riding up hi., and approaching the top, the speed control system may speed up the 

top of the h, and the terrain becomes .eve,, the user can accurate without worrying about 
hitting the front stop. 

Similar techniques can be app.ied toward the non-motorized versions of the invention. ,f 
a generator is used to contro, the dynamic eiement, a tachometer can be incorporated and used 
to contro, a variab,e ,oad across the generator to maintain a constant speed. Similar to above, 
tnis system can aiso be made "inte.Hgenf. ,f a fiywhee, and friction band are used, a tether can 

m0 ves rearward, the friction increases, causing the fiywhee, to s.ow. Converse, as the carriage 
, forward, the friction decreases causing the flywheel to speed up. 
Whi,e particular embodiments of the invention have been shown and described, it wiH be 
obvious to those skilled in the art that changes and modifications may be made therein without 

claims is to cover al, such changes and modifications as fa., within the true spirit and scope of 



moves 



the invention. 
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